Cow's milk is an important foodstuff and beneficial to human health. In the present study, commercial milks from China and Japan and raw milk from Inner Mongolia of China were collected. The contents of 18 elements were determined using inductively coupled plasma-optical emission spectrometry (ICP-OES), atomic absorption spectrometry (AAS) and atomic fluorescence spectrometry (AFS). Our analysis showed both Chinese and Japanese milks are rich in macroelements, such as calcium, potassium. However, the milk contents of chromium, manganese and zinc, which belong to microelements, were higher in Chinese commercial milks than in Japanese commercial milks. Heavy metals in food pose potential healthy risk. Although lead and cadmium contents in Chinese milk did not exceed the tolerance limits of Chinese National Standards, they were higher than those in Japanese commercial milks. Based on the high contents of some microelements and heavy metals in Chinese milk, we should innovate the technology and improve quality control for milk process and decrease environmental pollution.
INTRODUCTION
Milk is a complex, bioactive substance to promote growth and development of the infant mammals. Cow's milk is widely consumed by human children and adults after the age of weaning. Among the nutrients of milk, calcium (Ca) has been well recognized by researchers and the public because of greater stature in children and less osteoporosis in old people. In fact, milk is an ideal source of macroelements, such as Ca, potassium (K), phosphorus (P). Moreover, microelements and even heavy metals can be found in milk. 1) Microelements, also called trace elements such as copper (Cu), iron (Fe), selenium (Se) and zinc (Zn) are known to be essential for normal growth. However, heavy metals such as arsenic (As), cadmium (Cd), mercury (Hg) and lead (Pb) have no beneficial effects on human.
Historically, cow's milk was seldom consumed by populations in China (except some minorities) and Japan. After World War II, liquid milk consumption rapidly increased in Japan, with 36.7 liters per capita in 2005. Although per capita consumption of milk in China is as low as 8.8 liters, milk consumption increased 20% every year. 2) Thus, milk has become and will become important foodstuff consumed in Japan and China. Considering the healthy problem of infant, the minerals, especially heavy metals in breast milk have been intensively researched. [3] [4] [5] [6] Some studies monitored microelements or heavy metals in cow's milk around polluting areas. [7] [8] [9] [10] However, the data on minerals in commercial milk are sparse and the comparisons of minerals in cow's milk from different countries are missing. In China and Japan, minerals in commercial milk were found to be published as abstract in local journal. 11, 12) Since the methods used were not sensitive enough, the re-evaluation of minerals in commercial milk is necessary.
In the present study, we collected commercial milks from China and Japan to determine the mineral contents. Because pasteurization and sterilization processes may influence their contents, 13) raw milks collected from Inner Mongolia of China were also analyzed in this study. Sample Collection --Two brands of nationally available commercial milk were purchased from the local supermarkets in Suzhou city, China and Yamanashi prefecture, Japan, respectively. Milks were collected every one and half months from October 2006 to October 2007. Thus, we got 8 samples each milk. These milks were designated as China 1, China 2, Japan 1 and Japan 2. All of milks were produced from 100% raw milk and were classified as whole milk. Japan 2 was the milk from Jersey cows and other three were not indicated. Raw milk was collected from Inner Mongolia Prairie of China at May 2007. It was milked by nomads in the morning and stored in 50 ml centrifuge tube. The milks collected from Japan and Inner Mongolia were transferred at 4 • C by airplane. All samples were stored at −20 • C in our laboratory. Sample Digestion --For the digestion of samples, approximately 10 g of milk was digested with 10 ml of HNO 3 (65%) and 2 ml of H 2 O 2 (30%) in acid-prewashed Teflon vessels. After standing overnight, samples were digested using Microwave Lab Stations with the following program: 250 W, 1 min; 0 W, 1 min; 250 W, 6 min; 400 W, 5 min; 600 W, 5 min. After sufficient cooling, samples were moved to Teflon vessels and diluted to 35 ml with distilled-deionized water. Milk powder GBW10017 was used as reference material and treated as described above. Analytical blanks were prepared with each batch of digestion set. All samples were prepared in triplicate run.
MATERIALS AND METHODS

Instrumentation and Reagents
Milk treatment for As and Se determination referred to the Chinese National Standard (GB/T 5009.11-2003; GB/T 5009.93-2003). In brief, 10 ml of 6.0 mol/l HCl was added to the digested samples mentioned above. They were slowly heated until color fading. After cooling, 5 ml of 50 g/l thiourea and 50 g/l ascorbic acid was added for As determination. 2.5 ml of 10 g/l K 3 [Fe(CN) 6 ] was added for Se determination. Finally, all samples were diluted to 35 ml with distilled-deionized water. Element Determination --Ca, K, magnesium (Mg), P, sodium (Na) in samples were determined using ICP-OES. 
RESULTS AND DISCUSSION
To evaluate the accuracy and the precision of our analytical method, we analyzed a standard reference material of milk powder. Unfortunately, the certified value of Cd is not given, and only the recommended value of Hg is given. The determined values and the certified values of the rest 16 elements were very close, suggesting the practicability of our methods (Table 2 ). In fact, we have success- fully analyzed the contents of twenty elements in garlic using ICP-OES, AAS and AFS. 14) We determined five macroelements in commercial milks and raw milk ( Table 3 ). The contents of Ca and K reached 1000 mg/kg, followed by P, Na and Mg. K contents we determined were significantly higher in raw milk than in commercial milks. Because raw milk was collected at one time point, this difference should be interpreted with caution. Na contents were significantly higher in China 1 than in other three commercial milks and raw milk. However, their contents were in the normal range of the food composition issued by China and Japan (Table 4) . 15, 16) China food composition provides 10 kinds of whole milk for their nutrients and food composition in Japan only shows an average value. It is a common knowledge that milk and milk products are rich in Ca and other macroelements and its consumption is encouraged. Chinese Food Guide recommends a daily intake of 300 g of milk and milk products. 17) The recommendation in Japanese Dietary Guidelines is 2 servings of milk products and alternatives (1 serving = 100 ml of milk or yogurt). 18) Nine microelements were determined in the present study. In generally, the microelements in milk decreased in the order of Zn > Fe > Mn, Cu, Mo, Cr > Se > Sr > Rb (Table 3) . Zn contents in two Chinese commercial milks varied between 1.34-5.22 mg/kg (3.65 ± 1.79 mg/kg) and 1.38-4.96 mg/kg (3.62 ± 1.66 mg/kg); however, these ranges were 2.23-3.56 mg/kg (2.72 ± 0.61 mg/kg) and 2.85-3.73 mg/kg (3.04 ± 0.46 mg/kg) in two Japanese commercial milks. Relatively high content in Chinese commercial milks with a large variation was also observed in Fe contents. Zn and Fe can transfer to food from the tools and machines used in the milk collection and production. We speculated that it was caused by the differences of technology and quality control between two countries.
Mn contents were significantly higher in Chinese commercial milks (0.38 ± 0.07 mg/kg, 0.36 ± 0.05 mg/kg) than in Japanese commercial milks (0.18 ± 0.06 mg/kg, 0.19 ± 0.02 mg/kg). Since Mn content in raw milk was 0.20 ± 0.01 mg/kg, the process of milk production seems to contribute to the high Mn contents in Chinese commercial milks. Cu contents were slightly higher in the four determined commercial milk when comparing with the food composition (Table 4) ; however, their contents were obviously lower than the milk sample from special area. Simsek et al. found Cu in milk was as high as 0.96 (0.77-1.20) mg/kg in Industrial region. 7) Thus, Cu content in milk is likely to be strongly influenced by environment. Cr contents were significantly higher in Chinese commercial milks (0.17 ± 0.05 mg/kg, 0.16 ± 0.04 mg/kg) than in Japanese commercial milks (0.09 ± 0.03 mg/kg, 0.06 ± 0.02 mg/kg). Although Cr and other microelments are essential to maintain the metabolic systems of human body, they can lead to poisoning at higher level. Chinese commercial milks we determined are safe for drinker in this issue because the tolerance limit of Cr in milk is 0.3 mg/kg (GB/T 1461-94). We also determined Mo, Rb, Se and Sr in milks, whose contents are in µg/kg level (Table 3) . These elements have a great impact on human health. For example, Se has a relatively narrow range of safety, and large amounts can lead to hair lose, brittle nails and other side effects. 19) However, there are no reports about these elements in milk. The contents of these elements also have not included in the food composition table. Thus, our analysis provided useful basic data for the further research.
As, Cd, Hg and Pb in milk have drawn much public attention due to the food safety issues and potential healthy risk. No As and Hg were detected in the collected milk samples. The detection limits of As and Hg in our study were 0.06 µg/kg and 0.015 µg/kg. Our results are in agreement with other reports. For example, As and Hg contents in milk were less than 10 µg/l in Spain. 20) Hg even cannot be determined in the milk from heavy traffic region and industrial region. 7) Cd is considered to be the most important contaminant in modern times. Cd contents in Chinese commercial milks (4.53 ± 3.01 µg/kg, 4.25 ± 3.03 µg/kg) are 2-3 times more than Japanese commercial milk (1.13 ± 0.64 µg/kg, 2.01 ± 1.06 µg/kg). Since Cd content in raw milk from Inner Mongolia (4.19 ± 3.80 µg/kg) was similar with Chinese commercial milks, the high content of Cd is not likely from the process of milk production. Through 3 years' monitor, Vidovic found a decrease of Cd (93%) in atmospheric deposits, followed by a decrease in soil (30%), in cattle feeds (17%) and in milk (13%), 8) suggesting an atmospheric deposits-soil-cattle feed-milk chain.
Pb is a heavy metal of wide occupational and environmental concern. Pb contents in Chinese commercial milks (35.01 ± 8.63 µg/kg, 32.97 ± 11.24 µg/kg) and raw milk (28.15 ± 11.23 µg/kg) were significantly higher than in Japanese commercial milks (11.98 ± 3.27 µg/kg, 12.95 ± 2.94 µg/kg). The tolerance limit of Pb in milk is 50 µg/kg according to GB/T 14935-94. One of samples in China 1 and China 2 exceed this limit. In Japan, Pb concentration in atmospheric air was 15-81 ng/m 3 , 21) however, it was as high as 90-2800 ng/m 3 in China. 22) Therefore, environmental pollution leads to high Pb content in milk through atmospheric deposits-soilcattle feed-milk chain. On the other hand, the pollution from milk process and milk container should not be ignored. Food Safety Committee of Japan has set 1 ppm as the limit of heavy metal in the solution when milk container is extracted by 4% acetic acid. 23) In conclusion, milk contains considerable amounts of minerals, which are beneficial to human health. Milk is not the main source of heavy metal intake from foodstuffs 8) and these commercial milks are safe for drinker according to the current standards. However, some microelements and heavy metals in Chinese commercial milk are high when compared with Japanese commercial milk. It suggests that the technology and quality control for milk process should be improved and environmental pollution should be controlled.
